Background {#Sec1}
==========

Colorectal cancer is the fourth most common cancer in China \[[@CR1]\]. High red and processed meat intake in the Chinese population is responsible for colorectal cancer \[[@CR2]\]. Several methods are available for the diagnosis of colorectal cancer but it is usually made by colonoscopy \[[@CR3]\]. Colonoscopy is the reference standard for the detection of colorectal cancer \[[@CR4]\] but it is an invasive technique and has the risk of bowel perforation and bleeding \[[@CR5]\]. Sedation is also required which increases the risk especially in old aged patients \[[@CR6]\]. Sedation is not required in computed tomography colonography \[[@CR7]\]. Computed tomography colonography has a high sensitivity for large polyps in asymptomatic \[[@CR8]\] and symptomatic \[[@CR9]\] population but it images outside the organ \[[@CR10]\], requires additional reassurance endoscopy to biopsy lead to increases the cost and burden of the diagnosis \[[@CR11]\], and requires quality assurance for radiologists \[[@CR12]\]. However, the study suggested that computed tomography colonography has the same sensitivity to colonoscopy for the detection of colorectal cancer \[[@CR4]\] but has an issue of the small effect and the large variability in the study which may have type-II errors \[[@CR13]\]. Large benign colorectal precursor mass lesions of invasive malignant cancers present challenges in both computed tomography colonography and colonoscopy \[[@CR8]\]. In short, detection of colorectal cancer is critical irrespective of symptoms and age.

The objectives of the retrospective study were to compare diagnostic performance, cost, and safety of computed tomography colonography against colonoscopy for the diagnosis of colorectal cancer considering surgical pathology as a reference standard in symptomatic patients.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

From 15 January 2019 to 1 November 2019, a total of 326 patients were available at the department of gastroenterology of the Xiantao First People's Hospital Affiliated to Yangtze University, Xiantao, Hubei, China and the Renmin Hospital of Wuhan University, Wuhan, Hubei, China who had symptom(s) suggestive of colorectal cancer such as abdominal pain, rectal bleeding, and/ or change in bowel habits, need whole-colon examinations, and performed both computed tomography colonography and colonoscopy. Among them, five patients have known diagnosis of ulcerative colitis and three patients were undergone whole-colon examinations in the last 6-months. Therefore, the data of these patients were not included in the analyses and data of 318 symptomatic patients suggestive of colorectal cancer were included in the analysis (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Study flow chart. ø: Diameter

Computed tomographic colonography {#Sec4}
---------------------------------

All patients have injected 20 mg intravenous hyoscine (Buscopan, Sanofi, Berkshire, UK) before the examination. Intravenous contrast was administered on demand and computed tomographic colonography was performed as per international guidelines for good clinical practice under a single breath-hold of the patient using a multidetector instrument (GE Healthcare, New York, USA). Patients were scanned both supine and prone positions by radiologists (minimum of 3-years of experience in abdominal imaging) of institutes. Images acquired using 0.125 cm collimation, 0.1 cm reconstruction interval, 119 kVp, and 51--74 mAs fixed tube current-time product or 28--290 mA tube current modulation. The examinations involved identification of colorectal neoplasia (any polyp 10 mm or more in diameter (ø) and polyps less than 10 mm ø but suspicious).

Colonoscopy {#Sec5}
-----------

It was performed using video endoscopes (RetroView™ Colonoscopes EC34-i10T, PENTAX Medical, New Jersey, USA) after bowel preparation under midazolam/ fentanyl sedation. Gastroenterologists or colorectal surgeons (minimum of 3-years of experience) of institutes performed the colonoscopy. The examinations were performed as per the institutional protocol and detected lesions were evaluated by biopsies (performed by pathologists, a minimum 3-years of experience of institutes).

Image analysis {#Sec6}
--------------

Colonoscopy performed after computed tomographic colonography. Lesion ulceration (Fig. [2](#Fig2){ref-type="fig"}), extramural invasion (Fig. [3](#Fig3){ref-type="fig"}), and/ or lesion shouldering (Fig. [4](#Fig4){ref-type="fig"}) was considered as a suspicious polyp (as directed by the internal-institutional guideline for colorectal cancer). Image analyses performed by radiologists (minimum of 7-years of experience in abdominal imaging) of institutes. Fig. 2Lesion ulceration of male patients aged 51 years. **a**: Computed tomographic colonography, the white circle indicates lesion ulceration. **b**. Colonoscopy, the black circle indicates lesion ulcerationFig. 352 years old female patient with colonic extramural invasion. **a**: Computed tomographic colonography, the white circle indicates colonic extramural invasion. **b**. Colonoscopy, black circle indicates colonic extramural invasionFig. 4Colon lesion shouldering of 53 years old female. **a**: Computed tomographic colonography, the white circle indicates lesion shouldering. **b**. Colonoscopy, the black circle indicates lesion shouldering

Surgery {#Sec7}
-------

Patients who had polyp 10 mm ø or more and polyps less than 10 mm ø but suspicious in either of modality were subjected to endoscopy (performed by endoscopists, a minimum 3-years of experience of institutes) following biopsies (performed by pathologists, a minimum 3-years of experience of institutes). Histologically (performed by pathologists, a minimum 3-years of experience of institutes, after the computed tomographic colonography and colonoscopy) confirmed suspicious polyps and 10 mm ø or more polyps (due to symptoms) were removed by colorectal surgeons (minimum of 3-years of experience) of institutes.

Benefit score analysis {#Sec8}
----------------------

Benefit score analysis for each diagnosis modality for detection of 10 mm and more ø polyps was calculated as per Eq. [1](#Equ1){ref-type=""} and that for less than 10 mm ø but suspicious polyps were calculated a were calculated as per Eq. [2](#Equ2){ref-type=""} \[[@CR14]\]: $$\documentclass[12pt]{minimal}
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Cost {#Sec9}
----

The cost of diagnosis of colorectal cancer with computed tomographic colonography (is not of diagnostic colonography and colonoscopy to confirm the positive result of computed tomographic colonography prior to surgery) and colonography was calculated.

Adverse events {#Sec10}
--------------

Any reported adverse effects after diagnosis procedures including hospitalization were noted.

Statistical analysis {#Sec11}
--------------------

InStat, GraphPad, San Diego, CA, USA was used for statistical analyses. The sample size was calculated at 80% of power and a 5% level of confidence. The Fischer exact test was performed for categorical data \[[@CR4]\]. Mann-Whitney *U*-test was used for continuous data \[[@CR3]\]. The results were considered significant at a 95% level of confidence.

Results {#Sec12}
=======

Demographic parameters {#Sec13}
----------------------

The average age of patients was 65.12 ± 7.28 years and 183 (58%) patients were women. The enrolled patients had symptoms like abdominal pain, rectal bleeding, and/ or change in bowel habits. Patients reported one or more than one symptom suggestive of colorectal cancer and needed whole-colon examinations (Table [1](#Tab1){ref-type="table"}). All patients had performed radiological diagnosis within 2-weeks after recommendation by the respective consultant(s). Table 1Demographic parameters and clinical conditions of diagnosed patientsParametersValuePatients318Age (years)Minimum30Maximum75Mean ± SD65.12 ± 7.28GenderMale135(42)Female183(58)EthnicityHan Chinese292(92)Mongolian23(7)Tibetan3(1)SymptomsAbdominal pain201(63)Rectal bleeding53(17)Change in bowel habit278(87)Anemia171(54)Weight loss151(48)Route of referralGastroenterology205(64)Colorectal surgical clinic85(27)Geriatrics28(9)Continuous data are presented as mean ± SD and categorical data are presented as frequency (percentage)

Diagnostic performance {#Sec14}
----------------------

Either diagnosis showed polyps 10 mm ø and more in 27 patients and polyps of 50 patients were less than 10 mm ø but suspicious. Therefore, a total of 77 patients were subjected to surgery and surgical pathology (Table [2](#Tab2){ref-type="table"}). Table 2Performance of diagnostic methodsParametersSurgical pathologyComputed tomographic colonographyColonoscopyPatients77318^\*^*p*-value318^\*^*p*-valuePolyp ≥10 mm ø25(32)27(8)0.86323(7)0.859Polyps \< 10 mm ø but suspicious49(64)47(15)41(13)Non suspicious and \< 10 mm ø polyps3(4)239(75) ^\*\*^\< 0.0001247(78)^\*\*^\< 0.0001Inconclusive results0(0)5(2)0.5887(2)0.354Data are presented as frequency (percentage)^\*^Respect to surgical pathologyLesion ulceration, extramural invasion, and/ or lesion shouldering was considered as suspicious polypThe Fischer exact test was used statistical analysisA *p* \< 0.05 was considered significant^\*\*^Significant difference with respect to surgical pathologyø: Diameter

With respect to surgical pathology, sensitivities for computed tomographic colonography and colonoscopy were 0.961 and 0.831 and accuracies were reported in Table [3](#Tab3){ref-type="table"}. Table 3Accuracies of diagnostic methodsParametersComputed tomographic colonographyColonoscopyFor polyp ≥10 mm ø0.9260.920For polyps \< 10 mm ø but suspicious0.9590.837Lesion ulceration, extramural invasion, and/ or lesion shouldering was considered as suspicious polypø: Diameter

Benefit score analysis {#Sec15}
----------------------

For detection of 10 mm ø or more polyp, benefit score for computed tomographic colonography and colonoscopy were 0--0.906 diagnostic confidence and 0.035--0.5 diagnostic confidence. For polyps 10 mm ø or more but not too many large polyps, colonoscopy had a risk of underdiagnosis (Fig. [5](#Fig5){ref-type="fig"}). For less than 10 mm ø but suspicious polyps, computed tomographic colonography could detect 0.6--9.99 mm ø polyps while colonoscopy could detect 2.2--9.99 mm ø polyps. Less than 0.6 mm ø and less than 2.2 mm ø suspicious polyps could not be detected by computed tomographic colonography and colonoscopy, respectively (Fig. [6](#Fig6){ref-type="fig"}). Fig. 5Beneficial score analysis for the diagnosis of 10 mm in diameter or more sized polyps. ø: DiameterFig. 6Benefit score analysis for less than 10 mm in diameter but suspicious polyps. Lesion ulceration, extramural invasion, and/ or lesion shouldering was considered as a suspicious polyp. ø: Diameter

Cost {#Sec16}
----

The computed tomographic colonography had less cost than colonoscopy (1345 ± 135 ¥/ patient vs. 1715 ± 241 ¥/ patient, *p* \< 0.0001) for diagnosis of colorectal cancer (Fig. [7](#Fig7){ref-type="fig"}). Fig. 7Cost-analysis of diagnosis methods for colorectal cancer diagnosis. Data are presented as mean ± SD, 318 patients were diagnosed for both modalities. Mann-Whitney *U*-test used for analysis. A *p* \< 0.05 was considered significant. ^\*^Significant lower cost than colonoscopy

Adverse events {#Sec17}
--------------

An unplanned hospital admission within a month occurred in two patients due to bowel perforation. No death was reported within 3-months after diagnosis.

Discussion {#Sec18}
==========

The computed tomographic colonography had high sensitivity for colorectal polyps, high accuracy for polyps ≥10 mm ø and polyps \< 10 mm ø but suspicious polyps, and less cost than colonoscopy. The results of the study were consistent with the SIGGAR trial \[[@CR3], [@CR4]\]. The computed tomographic colonography would be an alternative method than colonoscopy for detection of colorectal cancer.

The study reported that colonoscopy had underdiagnosis and computed tomographic colonography had overdiagnosis for polyps ≥10 mm ø. The results of the study were in line with the SIGGAR trial \[[@CR3], [@CR5], [@CR15]\]. The different morphological characteristics of lesions and inadequate bowel preparation reduce the sensitivity of colonoscopy \[[@CR16]\]. Extracolonic abnormalities detected by computed tomographic colonography would lead to overdiagnosis of colorectal cancer \[[@CR17]\]. Endoscopy and contrast agents may overcome the overdiagnosis of computed tomographic colonography.

The cut-off for suspicious polyps for computed tomographic colonography was 0.6 mm ø and that for colonoscopy was 2.2 mm ø. The results of the study agreed with the statement of the second ESGAR consensus \[[@CR18]\]. The use of endoscopy and contrast agents with computed tomographic colonography and inadequate bowel preparation were responsible for these results \[[@CR4]\]. Evidence-based guidelines are needed for the threshold value of suspicious polyps in colorectal cancer.

Computed tomographic colonography was cost-effective than colonoscopy for a diagnosis of colorectal cancer. The results of the study were consistent with the SIGGAR trial \[[@CR3]\] and a randomized controlled trial \[[@CR19]\]. Biopsies and cytopathology would lead to an increase in the cost of colonoscopy \[[@CR20]\]. The cost for diagnosis of colorectal polyps in follow-up after curative surgery is also required to consider to reach any conclusion.

Two patients reported bowel perforation and hospitalization after diagnosis. Colonoscopy is responsible for the perforation of the bowel and unplanned hospitalization \[[@CR5]\]. The results of the study were consistent with the SIGGAR trial \[[@CR3]\]. Computed tomographic colonography would be safe than colonoscopy.

Several limitations of the study reported, for example, retrospective reviews and lack of randomized trial but in diagnostic performance study, randomized trials are difficult to design. The extracolonic abnormalities detected by computed tomographic colonography did not report and discuss. The methods adopted for diagnosis after curative surgeries and costs for the same were not reported. In the long-term, follow-up acceptability and psychologic consequences of patients for colonoscopy are higher than the computed tomographic colonography \[[@CR15]\] because of lifetime burden of the computed tomographic colonography \[[@CR11]\] but data regarding acceptability, psychologic consequences, and inter-and interobserver' agreements of the diagnosis methods did not discuss.

Conclusions {#Sec19}
===========

Computed tomographic colonography had high sensitivity, high accuracy (for polyps ≥10 mm in diameter and polyps \< 10 mm in diameter but suspicious polyps), less cost, and safe than colonoscopy for a diagnosis of colorectal cancer in symptomatic patients. Computed tomographic colonography had 0.6 mm in diameter and colonoscopy had a 2.2 mm in diameter threshold for suspicious polyps. Computed tomographic colonography would be a non-inferior alternative than colonoscopy for the diagnosis of colorectal cancer. A large randomized trial is required including postoperative follow-up data for diagnosis of colorectal cancer to state hypothesis clearly. The results of the current study help to the health services regarding the detection of colorectal cancer for Medicare beneficiaries.
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